A Novel Multiscale Model of Cardiac Hypertrophy Incorporating
Biomedical Intracellular Signaling

Ana C. Estrada’, Matthew D. Sutcliffe!, Colleen M. Witzenburg’, Jeffrey J. Saucerman:3, Jeffrey W. Holmes'2%3
Departments of Biomedical Engineering’, Medicine? and Robert M. Berne Cardiovascular Research Center?
University of Virginia, Charlottesville, VA

Background Methods Mapping Functions

Hormones Fiber Stretch

« Over 1 million Americans suffer a myocardial
Ftotal — Felastichrowth

infarction (MI) every yearll.
Following infarction, changes in mechanics
interact with hormonal signaling to determine ]growth — det(Fgrowth)

post-infarctio.n growth and .remodelingf dilation, ) (1 () (30 (o) i) (5 ) (5 () (30 (o
and progression to hear’F fallgre, but prior growth e nal oo o] [l (on] b W L] o = f( Felastic)
models have focused primarily on the 1 (5]
mechanical signals.
: Stretch
Block in
. Stretch Input = m X Foggticrr + b
>
02
S Growth
1 ]growth — (Cell Areanew_o-s) ><]original +]original
- 1
F growth,ff — F growth,cc — fgrowth,rr — J growth>

Phenomenologic Laws

Growth Stretch Strain Based
adF

growth
W i | h del th dt — f(AEelastic) 3]
~We present a multiscale growth model that Schematic of our Multiscale Model: The published hypertrophy network model takes stretch and hormone
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intracellu!ar hypert.rophic sigpaling pathways!?, an.d the amount of growth experienced by the mechanical model of the slab, which in turn determines the
compare its behavior to published phenomenologic stretch input for the network model. dF growth

growth laws. dt = f(Ao) (4]

Results
TNFa 1SO NE PE ET1 IGF1 EGF Angll NRG1 TGFB IL& FGF cT LIF BNPi ANPI 0.1 Input Stretch - - m
] |l/ \ 7 ‘1 ] | ‘l 1 Il 1 < 7 - N\ 7 K 191 1.05 1 [ Network 1.91
}NIiR BTR aAR\ I;T1R IGF1IR | | EGFR ATIR ERBB | | TGFR ILlﬁR FGFR Hp130LIFR - GCA 0.09 1 5 wen e Strain h&sﬂd gut II'J""H 1 5
0.08 o I i St
NIK Gsa Gag11 PLCG T ke [ SHP2 N FAK i - E 1.04 = = = = » 1 Stress based .-"":,: - E
AN U // /1\ \ 0.07 H E ";-'l-# E
AC |GBG PLCB STAT 0.06 a 1.49 I = *1'; e 1 49
N 0 0.5 1 : E *.-. frar
c 0.06 Integrins 0132 Ras 0196 PI3K ()] 1 43 . e 1 D& *.‘V T 1 43
\[‘\ S ) @
0.05 o “.\ 0.194 r\ E L ! a
0.128 Ni— & -—
/""’ | 0.08 t:|.1zc.T o152 L 1.47} ; 1.02 € ﬁ 1.47
| 0.124 0.19 e o ¥ -
/ N 003 0.5 7 0% 0.5 o 1% 0.5 1 ‘E 1'45 - E ’? E 1'45
ially n 023 ATF2 o cJun o CREB = = 1.01" —
// 0:22 \ 0:22 0.1.9 \ 1'45 [ < - 1'45 ]
Rac1 MAP3K23 P 0.21 0.21 0.18 "uny
/ i P o2 o2 017 1.44 . . . . " 1 . . . . ; 1.44 . . . . 3, Ry
MAP3K11 mpfm RhIoA MEIKS mgI’ 0.19 0.16/ D D .2 D.4 D.E D.E 1 D D .2 D.d- D.E D.E‘ 1 ﬂ' D.E D.d- D.E D .B 1
: ek | [vex " 1T 1 Growth Time Growth Time Growth Time
S \ GATA4 MEF2 foxo
GSK3B foxo DTor NOS MEK12 p38 0.2 0.09 0.928
L_,\ eIF4E « p?kl) o6k L/_______ '____J 0.19 0.085 0.926 . o . . . .
- h = Temca] fwrne i Growth Predictions: Prescribed total stretch, predicted growth stretch, and computed elastic stretch following
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Signaling Network Model Behavior: Network diagram shows nodes that are upregulated (green) or downregulated (red)
1 by stretch. Individual plots show time course of activation of individual network nodes.
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In the signaling model, stretch led to an increased rate of gene expression and protein production; because protein degradation Simulating hormonal perturbations in
in the model was assumed to be first-order, the system achieved a new steady-state predicted cell size despite a persistently addition to an altered mechanical state to
elevated elastic stretch. predict growth.

One way to reconcile these predictions might be to include mechanical regulation of protein degradation in the network model. Simulating the effect of drug therapies post-
This work represents a step towards constructing a growth model that can predict the effects of drugs such as beta-blockers injury, such as beta-blocker administration
that modulate cardiac remodeling. following myocardial infarction.
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